How important is Merton's intertemporal risk for asset allocation decisions? To address this question we jointly estimate and test a conditional asset pricing model which includes long term interest rate risk as a potentially priced factor for four broad classes of assets -large stocks, small stocks, long term Treasury bonds and corporate bonds. We find that the premium for long bond risk is the main component of the risk premiums of Treasury bond and corporate bond portfolios, while it represents a small fraction of total risk premiums for equities. Our results suggest that investors perceive stocks and especially small stocks as hedges against variations in the investment opportunity set. Since these four asset classes represent some of the most important for investors, we proceed to use our estimates to compute the optimal asset allocations for investors who optimize with or without taking into account the intertemporal risk. We provide a set of measures to investigate the importance of this risk. We find that at average market volatility levels, investors can earn annual premiums between 3.6% during expansions and 5.8% during recessions for bearing intertemporal risk alone. These results underscore the importance of explicitly considering intertemporal risk in asset allocation decisions, especially during down markets and business recessions.
Several authors have investigated whether the weak relation between equity market returns and market volatility is due to the omission of risk factors that link variations of the investment opportunity to changes in economic conditions. It has been well known since Merton (1971 Merton ( , 1973 ) that when investment opportunities are time-varying, dynamic hedging is necessary for forward-looking investors. The literature of active portfolio management is based almost exclusively on the traditional mean-variance analysis and therefore, the impact of dynamic hedging is not considered. Scruggs (1998) investigates the link between the equity market returns and long term interest rates. He finds that after taking into account long bond risk, equity returns are significantly positively related to their own variance and negatively related to their exposure to long bond risk. De Santis and Gerard (1999) hypothesize that the state variable driving changes in the investment opportunity set is the unexpected changes in the inflation rate. They find that the price of inflation risk is statistically significant and time-varying, and estimate the inflation premium in stock returns to average -4.36% on an annual basis. They argue that the relevance of inflation risk stems not only from investors' concerns with real return volatility, but also from the fact that inflation is a proxy for the variation of the investment opportunity set.
In this paper we propose a unified framework to investigate this issue and the optimal asset allocation strategies when investors do or do not take into account the intertemporal risk. This issue is obviously important for asset pricing and intertemporal asset allocation decisions.
1 For example, the lack of a significant and positive relation between the first two moments of the returns on the market portfolio is puzzling because it is inconsistent with the prediction of one of the most widely used models in finance, the capital asset pricing model (CAPM) of Sharpe (1964) , Lintner (1965) and Black (1972) .
2 Yet, this evidence has been documented in a large number of studies and for may different asset classes and many national markets (Bollerslev, Engle and Wooldridge 1988) . For example, using U.S. data, Baillie and De Gennaro (1990) find that the relation between expected returns and own variance is weak, both at daily and monthly frequencies. Turner, Startz, and Nelson (1989) , Nelson (1991) and Glosten, Jagannathan and Runkle (1993) find that the relation becomes negative when returns are modeled with variations of a generalized autoregressive conditional heteroskedasticity (GARCH) model in which the conditional variance is used to explain expected returns. In fact, even studies that document a positive relation, as French, Schwert and Stambaugh (1987) and Campbell and Hentschel (1992) , find that the results are not robust to the use of different statistical methods.
We assume that the long term interest rate is a proxy for the state variable that describes how the distribution of returns changes through time. Interestingly, in this model investors may be willing to pay a premium for assets whose payoffs are negatively correlated with the changes in long horizon interest rates. This is because these assets may provide a hedge against changes in the investment opportunity set. Our approach also provides a possible explanation for the weakness of the relation between expected returns and variance on the market portfolio discussed earlier. If the long bond rate is a priced risk factor, then tests of the CAPM are likely to produce biased estimates of the price of market risk and, thereby, of the market premium. In a recent article, Chen (2002) develops a model with time-varying expected market returns and volatilities to reflect the change in the investment opportunity set in the economy. He finds that historical returns on the book-to-market effect and the momentum effect are too high to be explained as compensation for exposures to adverse changes in the investment opportunity set.
3 Brennan, Wang and Xia (2002) develop and estimate a model of intertemporal risk with real interest rate and the maximum Sharpe-ratio as the two state variables. They find that the Fama-French three-factor model can be linked to their model.
In contrast with the studies cited above, we perform our estimation and test jointly on four large asset classes: portfolios of large stocks, small stocks, long maturity Treasury notes and bonds, and investment grade corporate bonds. If the model we test correctly characterizes financial asset returns, it should hold for all asset portfolios. Hence by considering several portfolios simultaneously, we improve the estimation of the price of risk and increase the power of our tests of the asset pricing model. Furthermore, there is mounting evidence that both prices of risk and risk exposure change over time [See for example Harvey (1989) , Ferson and Harvey (1993) ]. Therefore we model prices of risk, covariances and correlations to be time-varying.
We find that both prices of market and intertemporal risk are significant and vary with economic conditions. Not surprisingly, the exposure to market risk accounts for more than 90% of the premium of equity assets, while exposure to intertemporal risk is the dominant determinant of bonds returns. Intertemporal risk premiums account for more than 60% of total risk premiums for fixed income assets. The risk premiums of the small firm equity portfolio is, however, unaffected by exposure to intertemporal risk. Overall the evidence suggests that exposure to intertemporal risk has a pervasive effect on an asset's risk premium and should be explicitly accounted for in asset pricing tests.
The relatively insignificant intertemporal risk premium associated with small stocks has important implications. For example, investors with a long horizon care more about the risk of changing investment opportunity set, and less about volatility.
Our findings point to the merit of including small stocks in long term strategic asset allocations for investors such as pension funds and insurance companies.
To further assess the economic importance of intertemporal risk, we investigate its impact on investors' portfolio holdings. Since our approach is fully parametric, we can use our model to construct the optimal period by period asset allocations of different classes of investors and decompose these holdings in their hedging and speculative (asset selection) components. First, we apply the framework of Glen and Jorion (1993) to analyze the portfolio holdings of classes of investors. We construct period by period the equity only optimal portfolio, the minimum variance intertemporal risk hedge for that equity only portfolio and the global optimal portfolio. We use the difference between the equity only and global optimal portfolios as our proxy for the optimal intertemporal hedge portfolio. We find that the global hedge portfolio exhibits a significant negative correlation of -0.604 with the equity only portfolio. Although earning only a small positive 1.1% annual excess return and having a volatility of similar magnitude as the equity only portfolio, the global hedge significantly improves the risk reward trade-off of the global optimal portfolio: it accounts for 22% of the global optimal portfolio risk premium, or approximately an additional 2.5% annual premium.
Second, we implement the multi-factor efficient portfolio approach of Fama (1996) and use the orthogonal portfolio method of Roll (1980) . We construct period by period the optimal portfolio orthogonal to market risk and the optimal portfolio orthogonal to intertemporal risk. The performance of the portfolio orthogonal to market risk provides direct insights into the rewards for market neutral strategies bearing only intertemporal risk. On the other hand, the difference between the global optimum portfolio and the portfolio orthogonal to intertemporal risk yields estimates of the incremental benefits of bearing intertemporal risk in addition to market risk. We find that at average market volatility levels, bearing intertemporal risk only yields an annual premium of 3.6% during expansion, increasing to 5.8% during recessions. On the other hand, the incremental reward of bearing optimal amounts of intertemporal risk in addition to market risk vary between 1.1% per annum during expansions and 3% during recessions. This paper makes the following contributions to the literature. First, we provide a fully consistent empirical framework to test the two-factor ICAPM model. We subject the model to four diverse portfolios simultaneously, thus enhancing the power of the tests. Second, we model both the price of market risk and the price of risk associated with changes in the investment opportunity set, as well as allowing all covariances and correlations to be time-varying. This flexibility and the presence of four diverse portfolios enable us to study the relative importance of the two risk factors for these portfolios. Third, our general empirical framework makes it interesting to decompose the optimal portfolio holdings into speculative and hedging components. Since the market portfolio, small stocks, Treasury bills and long bonds represent important segments of every investor's portfolio holdings, this exercise provides a unique perspective into the portfolio decisions of agents in changing economic environments, and into the economic impact of intertemporal risk.
The rest of the paper is organized as follows. In section I, we briefly review the ICAPM and discuss some of the testable implications which are relevant for our study. In section II, we describe the empirical methodology. In section III, we describe the construction of the return series of the four portfolios and provide information on all data used in this study. In section IV, we discuss the tests of the asset pricing model. In sections V and VI we investigate the intertemporal asset allocation and hedging implications of our results. Section VII concludes.
I Models and Testable Implications
In this section we discuss an asset pricing model in which investors choose their optimal portfolios in the presence of a changing investment opportunity set. We assume that the investment opportunity set changes over time, as a function of a state variable x. Merton (1973) shows that, in this case, intertemporal risk-measured by the covariance of asset returns with the state variable-becomes a relevant pricing factor in addition to the traditional market risk.
Denote E (R it ) as the expected return on the asset i over the period t−1 to t, σ it is the standard deviation of the returns. In addition, denote Σ t as the covariance matrix of asset returns, with generic element σ ij,t = σ it σ jt ρ ij,t , and R ft as the return on the nominally risk-free asset. To accommodate a stochastic investment opportunity set as in Merton (1973) , we assume that the first and second moments of the returns depend on one or more state variables. Here we assume that one state variable x is sufficient to describe the dynamics of the investment opportunity set. Merton (1973) shows that in equilibrium, when all investors are expected intertemporal utility maximizers, expected returns include compensation for market risk and an additional risk component measured by the covariance between each asset return and the state variable x. Formally, the following set of pricing restrictions, expressed in terms of expected nominal return on asset i, obtain:
aversion 5 and, is usually referred to as the price of market risk, because it measures the sensitivity of the expected return to changes in market risk. For obvious reasons, the quantity λ t = − J W x,t J W,t can be interpreted as the price of intertemporal risk. 6 One feature that differentiates the price of market risk from the price of intertemporal risk is that, while the former must always be positive as long as investors are riskaverse, the sign of the latter cannot be predetermined. More precisely, since utility is assumed to be increasing in wealth, J W is strictly positive and, therefore, the sign of the price of intertemporal risk depends on the sign of J W x . For example, assume that the state variable x is positively correlated with the return on asset i. If the marginal utility of wealth is increasing in x (i.e. J W x > 0), then λ is negative and so is the premium for intertemporal risk. This reflects the fact that investors are willing to accept a lower risk premium on asset i, because the asset has a higher payoff when the marginal utility of wealth is higher. On the other hand if the marginal utility of wealth is decreasing in x (i.e. J W x < 0), then λ is positive and so is the premium for intertemporal risk. In this case, investors require a higher risk premium on asset i, because the asset has a higher payoff when the marginal utility of wealth is lower.
When the investment opportunity set is constant over time, the pricing restrictions simplify to the traditional Sharpe-Lintner-Mossin CAPM:
In this case the model predicts that the premium of a risky asset is determined only by its market risk-measured by the covariance of the return on asset i with the return on the market portfolio.
In the absence of a general equilibrium model it is not possible to identify the state variable x which describes the dynamics of the investment opportunity set. In this study, we use the return on the long Treasury bond portfolio as a proxy for x 7 . With this assumption, equation (1) can be rewritten as follows
which states that the nominal premium on any asset is proportional to its exposure to market risk and to long bond interest rates.
II Econometric Methods
To simplify our empirical analysis, we exploit the fact that the pricing restrictions of the model must be satisfied for any asset, including the market portfolio. Therefore, we can focus on any subset of the assets included in the investment opportunity set. Increasing the number of assets included in the test will increase the power of our tests while making estimation more difficult, and the more diverse the assets are, the more powerful the tests are. To our knowledge, our four-asset empirical model is the most general yet studied the tests should be powerful.
If the Long Bond portfolio return can be used as a proxy of the state variable in the ICAPM with a time-varying investment opportunity set, as argued by Merton (1973) and Scruggs (1998) , then the second model is nested into the first. The following equation can be used to test the restrictions of both models
The pricing equation (1) implies that if the long Treasury Bond return perceived as a risk factor that accounts for intertemporal risk, then λ t−1 is different from zero, can even become positive if the marginal utility of wealth is decreasing in the long bond rate. Later in the paper we discuss how to incorporate this information into the specification of α t−1 and λ t−1 when estimating and testing the model. Equation (4) provides an interesting insight into standard tests of the CAPM. It is common practice to test the model by estimating the relation between expected return and the conditional covariance of each asset with the return on the market portfolio. Inspection of equation (4) reveals that this approach may be misleading. If intertemporal risk is priced and economically significant, any measure of the market premium obtained from the regression
will be biased. For example, if the long rate premium is negative, equation (5) is likely to produce low and possibly negative estimates of the market premium. This could explain the weak relation between expected returns and volatility on the market documented in many recent studies. Before we proceed to the empirical analysis, we need to complete the specification of the model. The right-hand-side of equation (4) contains the conditional covariance of the asset returns with market portfolio returns and the conditional covariance between the asset returns and the long bond return as explanatory variables. For this reason, we need to include both the Long Treasury bond portfolio as well as a reasonable proxy of the market portfolio in the set of assets on which the estimation will be performed. Second, we need to specify a model that describes the dynamics of the conditional second moments.
For the conditional second moments, we assume that the disturbance vector
0 , is conditionally normally distributed
and that the covariance matrix Σ t follows an asymmetric GARCH(1,1) process
where C is an (n × n) upper triangular matrix, A, B and D are (n × n) matrices, and η t−1 is the vector of negative shocks, η i,t−1 = ε i,t−1 if ε i,t−1 < 0, 0 otherwise. Under the assumption of conditional normality, the log-likelihood function for the system of equations (4) and (6) for n assets can be written as follows
where Θ is the vector of unknown parameters in the model. Since the normality assumption is often violated in financial time series, we estimate the model and compute all our tests using the quasi-maximum likelihood (QML) approach proposed by Bollerslev and Wooldridge (1992) . Under standard regularity conditions, the QML estimator is consistent and asymptotically normal and statistical inferences can be carried out by computing robust LM or Wald statistics. Optimization is performed using the BHHH (Berndt, Hall, Hall and Hausman (1974) ) and the BFGS (Broyden, Fletcher, Goldfarb, and Shanno) algorithms.
III Data
We perform our investigation simultaneously on four asset portfolios: a proxy for the equity market portfolio, a small firm equity portfolio, long term Treasury securities and investment grade long term corporate bonds. We use monthly data for the period November 1948 to December 2000, for a total of 626 observations. To measure the return on the market portfolio we use end-of-month total returns on the NYSE-AMEX-NASDAQ total stock market index computed by the Center for Research in Security Prices (CRSP) at the University of Chicago. The small stock portfolio includes all stocks traded on the three exchanges that belong to smallest size quintile.
the end of each month. For the risk-free rate we use the return on the U.S. T-bill closest to 30 days to maturity, as reported in the CRSP risk-free files. The Long Term Treasury securities portfolio returns are constructed from the CRSP US Government Bills, Notes and Bonds database. To construct the T-bond portfolio returns, we collected at the end of each month the realized return for all notes and bonds that traded at the beginning of the month, were still outstanding at the end of the month and had a maturity of 5 or more years at the beginning of the month. We excluded all bonds with special tax status. We then weight the realized return on each included bond by the ratio of bond's outstanding amount at the beginning of the month to the total amount outstanding of all included bonds. The long term investment grade corporate bond return is extracted from Ibboston and Associates (2001) . For all portfolios, stock or Treasuries, we use continuous compounding.
In addition, we use a number of instruments to model the dynamics of the various prices of risk. Specifically, we use the dividend price ratio on the CRSP market index in excess of the risk free rate, the first difference in annualized yield to maturity on the three-month T-Bill, and the lagged default premium as measured by the difference between the yield to maturity on an AAA corporate bond and on the most recently issued 5 year Treasury Bond or Note. All Treasury securities yields are from the CRSP U.S. Government Bond Files.
Summary statistics for the portfolios return series, as well as the instruments, are reported in Table 1 . Over the entire sample, the average annual return on the CRSP stock market index is equal to 12.01 percent, whereas it is 12.05 percent for the small stock portfolio. The returns on the T-Bond and corporate bond portfolios both average 5.89 percent per year, while the risk free rate averaged 4.81 percent on an annual basis. However, some of these statistics are considerably different when computed over subsamples. Note that while average return on small stocks is of similar magnitude as the average return on the market, the volatility of small stock returns is 50% greater than that of the market. In contrast, the Treasury and corporate bond portfolios exhibit a return volatility of similar magnitude.
As one would expect, the autocorrelation matrix in Table 1 also shows that the risk free rate and the excess dividend ratio exhibit significant positive autocorrelation. Similarly the correlation table indicates that the risk free rate and the excess dividend price ratio are highly correlated. For the portfolio returns, the correlation between small stocks and the market is of similar magnitude as the correlation between the corporate and Treasury bond portfolios.
IV Empirical Evidence
A Conditional CAPM and the price of market risk
The theoretical model that we discuss in Section I states that the nominal premium on the market portfolio is proportional to market risk-measured by the conditional covariance of the portfolio returns with the return on the market index-as well as long bond risk-measured by the conditional covariance between the return on the asset and the bond portfolio return. For each source of risk, the model also identifies a shadow price, which is potentially time-varying. A common approach, often used in tests of the conditional CAPM, is to assume that the price of market risk is a linear function of a number of instruments. However, this specification may be inappropriate because the theoretical model predicts that the price of market risk should be strictly positive. 10 As discussed in Merton (1980) , this information should be taken into account in the specification of the empirical model, if the aim is to obtain an unbiased estimate of the market premium.
To provide some empirical evidence on this issue, we start our analysis with a version of the conditional CAPM which has been widely used in the literature and does not include long bond risk. The model postulates a linear relation between the conditional expected return on the asset and its conditional covariance with the market portfolio; therefore it can be estimated and tested using the following equation
where returns are measured in nominal terms and the disturbance η Mt is conditionally normal and follows a standard GARCH(1,1) process. τ i is an asset specific constant. We consider two alternative parametrizations for the price of market risk α t−1 . First, we assume a linear specification α t−1 = κ 0 z t−1 , which does not account for the positivity restriction on the market premium. Then, we reestimate the model assuming an exponential parameterization α t−1 = exp (γ 0 z t−1 ), which imposes the restriction suggested by Merton (1980) . In Table 2 we report a number of diagnostic tests for the two specifications of the model. 11 The results in Panel A support the hypothesis that the premium on the market portfolio is proportional to market volatility and that the price of market risk is time-varying, no matter which specification is used for α t−1 . Note that the test of intercepts suggests that for both specifications, the conditional CAPM is well specified for equity portfolios while it does not perform as well for the Treasury and corporate bond portfolios. This suggests that the traditional conditional CAPM is not well specified to price all assets.
The diagnostic statistics in the table reveal that the model with a linear price of risk has a slightly better fit, as implied by a -0.014% average prediction error and a 6.55% pseudo-R 2 versus a -0.096% average prediction error and a 6.40% pseudo-R 2 for the model with exponential prices 12 . This may be due to the fact that the linear specification can accommodate negative values of the market premium, as shown by the summary statistics in Panel C and the graphs in Figure 1 . The linear version of the model generates a negative market premium in 124 out of 626 observations, roughly 20%. Interestingly, Figure 1 shows that most of the negative values are concentrated around the high interest rate and high inflation period during the 1970s and early 1980s
13 . The average monthly premium estimated from the linear model is equal to 0.566 percent and statistically significant over the whole sample, based on a Newey-West (NW) standard error of 0.037 14 The exponential model yields an average monthly premium of 0.759 percent, also statistically significant (NW standard error of 0.030). Note that the estimated premium from the linear model exhibits higher volatility than the premium estimated from the exponential model. Although both specifications yield sensible estimates for market risk premiums, neither model is very successful at explaining the cross section of returns. We find evidence of significant predictability of both models' residuals using the information variables that were included as conditioning variables for the price of market risk. The F-tests of the regressions, reported in panel B, are respectively 42.79 and 40.25, both highly significant at conventional confidence levels.
In summary, the conditional CAPM with a linear price of risk has a better statistical fit, but contains a significant bias in the estimated market premium. On the other hand, a CAPM which imposes a non-negativity restriction on the market premium generates predictable residuals, thus suggesting that other systematic factors are necessary to explain expected returns. This evidence motivates our attempt to determine the relevance of intertemporal risk.
12 The pseudo-R 2 is computed as ESS T SS where ESS indicates the explained sum of squares and T SS the total sum of squares.
13 These results are consistent with the findings of Boudoukh, Richardson and Smith (1993) for a similar subsample.
14 The standard errors are adjusted for autocorrelation and heteroskedasticity using the approach developed by Newey and West (1987) . The purpose of this test is to determine whether the average of the estimated market premium is statistically significant, conditional on the parameter estimates obtained from the model. However, the test does not account for estimation error.
B Conditional CAPM with intertemporal risk
Our main objective is to determine whether it is possible to decompose the total risk premium into a market premium component and a long interest rate premium component. The evidence discussed in the previous section suggests that an appropriate specification for the dynamics of the price of market risk is important. For this reason, we impose the positivity constraint on α t−1 by assuming that the price of market risk is an exponential function of the instruments in z t−1 . For the price of bond risk λ t−1 , we consider a linear function of the instruments. Formally, Table 3 reports the results of the estimation and tests. Panel A and B report parameter estimates, while panel C reports specification tests and panel D diagnostic tests for the residuals. The evidence supports a two-factor model in which both market and bond risk are priced. First, the robust Wald test for the hypothesis that the price of market risk is zero is equal to 31.85 with 4 degrees of freedom, which implies rejection at any standard level. In addition, the null hypothesis that the price of intertemporal risk is equal to zero is also strongly rejected given a Wald test of 13.06 with 4 degrees of freedom. Further the tests indicate that both the price of market and intertemporal risk vary significantly with changes in economic conditions. The finding that intertemporal risk is priced and that it can explain the bias in the market premium estimated from the nominal CAPM is consistent with the recent work of Scruggs (1998). 15 Further support for the statistical relevance of intertemporal risk is contained in Panel D of Table 3. In the two columns labeled (a) and (b) we report two different pseudo-R 2 s for the CAPM equation: the first one (R 2 m ) only accounts for market risk as a priced factor, the second one (R 2 m+T B ) includes both risks as explanatory variables for the total risk premium. Interestingly, the average R 2 m+T B is equal to 5.58 percent, whereas the average R 2 m is equal to 4.58 percent. For the equity assets there is no difference in pseudo-R 2 whether intertemporal risk is included or not. For fixed income assets however, considering intertemporal risk substantially improves the fit of the model. Note that for the market portfolio, R 2 m+T B is larger than the pseudo-R 2 's of the CAPM reported in Table 2 , even when the positivity restriction on the price of market risk is relaxed. Figure 2 plots the estimated prices of the market risk and intertemporal risk. The estimated series are obtained from the conditional CAPM with stochastic investment opportunity set. We see that both series are volatile, yet the price of intertemporal risk seems to fluctuate much more dramatically, in particular during NBER recession periods in the 1970's and 1980's.
Of course, documenting the statistical significance of intertemporal risk as a pricing factor is not sufficient to conclude that the premium for bond risk is economically relevant. To address this issue, we perform a number of exercises. Define α t−1 cov t−1 (R it , R Mt ) as the premium for market risk and λ t−1 cov t−1 (R it , R T Bt ) as the premium for bond risk. First, we consider a graphical representation of the estimates of the two premia. As shown in Figure 3 , the two premia play quite different roles in the pricing of the stock market portfolio and the long bond portfolio. The market risk seems to be significant for both portfolios while the intertemporal risk most significant for the bond portfolio.
Second, we propose a more detailed statistical analysis of the fitted risk premia. In Table 4 we report GMM tests of the overall statistical significance of the market and intertemporal components of the fitted premia for each asset and for the equity and fixed income portfolios jointly. The tests shows that the fitted market risk premiums are significantly different from zero for each individual asset and each group of assets. On the other hand, the fitted intertemporal risk premiums are significant for the fixed income assets only and not for the equity portfolio when each asset is considered individually. However, the fitted intertemporal risk premiums are significant for equities when the two stock portfolios are considered jointly.
In Table 5 and 6 we provide summary statistics of the prices of risk and of the total premiums and its components for the overall sample, as well as an analysis of how the prices and premiums change over time and across business expansions and recessions. Over the entire sample, the average prices of intertemporal risk and of market risk are both positive and of similar magnitude. However the price of intertemporal risk exhibit twice as much volatility the price of market risk. The average premium for intertemporal risk is equal to 0.11 and 0.13 percent per month for corporate bonds and Treasury bonds respectively. Arguably, the annualized premiums of 1.3 and 1.5 percent are also economically relevant, especially considering that the average annualized market risk premiums for these assets were equal to 1.9 and 1.1 percent respectively, as documented in panel B of Table 5 . Given that the estimated prices risk are approximately equal and that the fixed income portfolios earn premiums of similar magnitudes for both market and intertemporal risk, we can infer that both bond portfolios have exposures of similar magnitudes to both market and intertemporal risk. For the market portfolio, the average intertemporal risk premium is 0.015% on a monthly basis. The corresponding market risk premium is 0.989% per month. These numbers are consistent with the commonly documented market premiums. In our case, the average total premium, obtained as the sum of market and bond premium (see Panel C in Table 5 ) is equal to 12 percent on an annual basis for the market portfolio and 13.2% for small stocks. For these two portfolios exposure to market risk is several orders of magnitude larger than to intertemporal risk. The last three columns in Table 5 and 6 report joint tests of the hypothesis that the risk premiums are equal to zero. For the average premiums, these tests confirm the tests reported in Table 4 . Table 5 and 6 also investigate whether the estimated prices of risk and fitted risk premia change over the business cycle (Table 5) as well as from the first half of the sample period to the second half (Table 6 ). The tests are performed using a robust dummy variable regression in which the constant represent the average premium or price during expansions or during the first half of the sample and the dummy variable coefficient is the estimate of the change in prices or premiums during NBER recessions or the second half of the sample. The results in panel A of Table 5 indicate surprisingly that there is no significant change either in the price of intertemporal risk or in the fitted intertemporal risk premiums over the business cycle. However looking at individual assets, the intertemporal risk premiums average to zero during recessions for the market portfolio, while they become more negative for the small stock portfolio. On the other hand, the results in panel B suggests that the price of market risk and the fitted market risk premiums increase significantly during recessions. This is true also for the fixed income portfolio, although the joint test that the fitted market premium for bond portfolios increase in recessions is only significant at the 6% level. Panel C indicates that the resulting increase in total premiums during recessions is significant across the board. In particular the total premiums on all assets are approximately 60% higher during NBER recessions than during expansions.
The changes in the fitted prices and premiums from the first half of the sample to the second half are reported in Table 6 . One notices immediately the significant decrease in both the prices of intertemporal risk and market risk over the second half of the sample period. The average price of intertemporal risk decreases by 75% while the price of market risk decreases by 20%. The decrease in the price of intertemporal risk induces a substantial reduction in the fitted intertemporal risk premiums for the fixed income portfolio, which although not significant for the individual portfolios is highly significant jointly. The equity portfolios intertemporal risk premiums increase during the second half of the sample although not significantly. Turning to the fitted market risk premiums in panel B, we see that the price of market risk decreased in the post-73 period, the fitted market risk premiums uniformly increased. Even though these increases are not always significant at the individual portfolio level, the tests reported in the last 3 columns of the table indicate that the market premiums increases are jointly significant for the equity portfolios, the bond portfolios and all assets simultaneously. For the total premiums, although the joint tests suggest a significant change from the pre-to the post-73 period, the total premium change on individual assets is small and non-significant.
To summarize, we find that both the price of market risk and intertemporal risk are significant and time varying. Further, we find that both the fitted market risk premia and intertemporal risk premia are statistically and economically significant for equity and fixed income portfolios, although intertemporal risk premia represent a much larger fraction of total risk premia for bond portfolios than for equity portfolios. Moreover, we find that total fitted risk premiums tend to increase during NBER recessions, and that increase is driven mainly by a significant increase of the price of market risk. Lastly, we document a significant decrease in the price of both sources of risk in the post-73 period. However, although the prices of risk decrease, estimated total premiums increase due to increased levels of risk. Our tests suggest that both the market risk and intertemporal risk are important risk factors in the pricing of financial assets.
V Intertemporal Asset Allocation and Hedging
To assess further the economic importance of intertemporal risk, we examine its effect on investors' portfolios. In this section we investigate the gains that may arise from explicitly considering intertemporal risk in the asset allocation decision. In the next section, we explore the dynamics of the market and intertemporal risk premiums and their links with business cycles by investigating the properties of two specific portfolios.
A Optimal portfolio weights
Our empirical analysis yields conditional expected returns and conditional covariances for the four asset classes. Consider an investor who faces market risk as well as intertemporal risk in her asset allocation decision. This investor can proceed in several ways. She could construct an optimal portfolio that includes the equity assets only. She could decide to hedge her equity portfolio against intertemporal risk. Or she could invest in a portfolio that includes both equity and fixed income assets to optimally manage her exposure to market and intertemporal risk. Assume that investors maximize expected utility of future consumption. The investment opportunity set, available to all investors, includes the following securities:
• 2 risky equity assets, i.e., a market index portfolio and a small stocks portfolio.
Given that we know the composition of the market portfolio, this is equivalent to the two equity asset classes of large and small stocks.
• 2 risky bond assets, i.e., the corporate bonds portfolio and the long term T-bonds portfolio.
Each investor has access to a total of N = 4 risky securities and one risk-free asset (the one-month T. Bill). Let γ denote the investor's degree of risk aversion. Also, indicate with µ the (N × 1)-vector of expected returns in excess of the risk-free rate on the N risky assets, and with Σ the (N × N )-covariance matrix for the risky assets. Mean-variance optimization implies the following portfolio allocation
where ω N is the (N × 1)-vector of optimal weights for the N risky assets, ω N+1 is the fraction of the portfolio invested in the risk-free asset, and ι is a vector of ones. The optimal weights in equation (9) deserve further discussion. Consider an investor with a logarithmic utility function. This would be equivalent to the assumption that γ = 1. In this case, the portfolio weights in (9) simplify into
where ω N = Σ −1 µ is the vector of optimal weights for the N risky assets. The portfolio Σ −1 µ in equation (10) is common among all investors and is usually referred to as the universal logarithmic portfolio. Investors with any degree of risk aversion γ would just scale their investment in the logarithmic portfolio by 1/γ by shifting funds to or from the riskfree asset.
Our discussion to this point implies that all investors hold a combination of two portfolios: the universal portfolio of risky assets and the risk-free asset. The allocation between the two depends on the degree of risk aversion of each investor. Specifically, investors exploit the correlation structure for the entire set of available assets and choose an allocation that maximizes the Sharpe-ratio of their portfolio. This result is similar to the standard solution of a portfolio problem. However, when investors have access to long term bond markets, the result has a number of additional implications, which can be derived after appropriately partitioning both µ and Σ 16 :
here the letter s denotes the stock portfolios and the letter d indicates the bonds portfolios (long-term corporate bonds and long-term Treasury bonds). The bonds can be held both for speculative and/or hedging purposes.
Define Γ = Σ −1 dd Σ ds , the [2 × 2] matrix of coefficients from the regression of the stock returns on the bond returns. Also define
covariance matrix of the stock returns, conditional on the bonds. Hence Σ s/d is the covariance matrix of fully hedged equity returns. Standard rules from the inversion of a partitioned matrix imply the following result
where ω s and ω d are the vectors of optimal weights for respectively the equities and the bonds included in the universal portfolio. The first interesting feature of equation (11) is that the optimal choice of ω s and ω d should be made simultaneously to exploit the properties of both sets of assets. The equity positions are a function of the covariance of the fully hedged returns and mean equity returns adjusted for the cost of the hedge. The bond positions have two components. The expression Σ −1 dd µ d is the solution to a standard mean-variance problem for the optimal portfolio of bonds only and, therefore, can be interpreted as a purely speculative position in bonds. On the other hand, the expression Γω s reflects the investment in bonds that minimizes the variance of the portfolio, given the position in equities. In this sense, investors hold bonds for both speculative and hedging purposes.
17
Two special cases are of interest. First, if the expected excess returns on bonds are zero, then the optimal portfolio weights simplify to
In this case, the optimal strategy calls for selecting equity portfolio weights based not on the equity unhedged expected returns but on the covariance matrix of their fully hedged returns. On the other hand, the bond positions have only a hedging component. If the intertemporal risk is fully diversifiable, then Γ = 0 and Σ −1
ss , and the optimal portfolio includes only equity positions. It is also the solution to a standard mean-variance problem for the optimal portfolio of unhedged equity investments.
Our empirical exercise focuses on three dynamic strategies of particular interest: investing each month in the overall optimal portfolio, investing in an optimal portfolio of equities only, or investing in equities and hedging intertemporal risk. Our discussion of optimal portfolio choice will help identify the shortcomings of each strategy and the circumstances under which they may be optimal. Using the notation introduced above, the three strategies can be summarized as follows 18 :
17 The expression for ω d is equivalent to the expression for the optimal hedge for a prespecified portfolio derived in Anderson and Danthine (1981) , and as they show, would be valid for any choice of ω s .
18 Implicitly the weights in the table assume that the investor has a degree of relative risk aversion of 1. It is a simple matter to scale the portfolio weights of the risky assets by the inverse of the degree of relative risk aversion to get the optimal weights for any level of risk aversion.
Portfolio Position Strategy
Equities Long Term Bonds
Optimal equity only strategy [EO]:
In this strategy we take the point of view of a manager whose mandate prohibits her to take direct positions in the long term bonds. She optimizes her portfolio holdings over the eligible equity positions only. This strategy would be optimal only if the intertemporal risk exposure of the equity investments is fully diversifiable and bonds have zero expected excess returns.
Overlay intertemporal hedge strategy [EO+IH]:
This strategy corresponds to the situation where the role of equity portfolio manager is distinct from the role of a bond manager. First, the equity portfolio manager chooses her optimal equity portfolio weights in the same fashion as in strategy 1. Second, conditional on these equity portfolio weights, the plan sponsor optimally hedges her exposure to the intertemporal risk. This implicitly assumes that intertemporal risk commands a zero premium, and hence no speculative position in bond assets are allowed. However, the equity allocation is suboptimal since the equity positions are selected without taking into account the correlations between equity and bond assets.
Overall optimal allocation [OPT]:
This strategy implements the unrestricted global optimum portfolio strategy. The portfolio weights of equity and bond assets are selected simultaneously, taking into account the covariances between all assets. In particular, the equity positions now reflect their covariance with the bond assets and the costs of the minimum variance hedges.
Note that the bond positions are always determined as a function of the positions in the equity portion of the portfolio. Hence we can evaluate the benefits of overlay strategies for any given portfolio of equities, as long as we have estimates of the excess returns on bonds and of the variance-covariance matrix of the equity assets and bond assets considered.
B Portfolio Performance
We implement each strategy at the beginning of each month and record its performance and characteristic over the whole sample period. We use our estimated model to provide beginning of month forecasts of expected returns and volatility. Note that time variation in the price of market risk reflect time variation in the aggregate degree of relative risk aversion in the economy. All the strategies are scaled by one over the estimated relative risk aversion coefficient. Table 7 summarizes the performance and characteristics of the three portfolio strategies described in the preceding subsection. We also report the characteristic of the minimum variance hedge for the equity only portfolio, as well as the difference between the equity only and global optimal portfolios. We use the last one as our proxy for the optimal intertemporal hedge portfolio.
We first report the fraction of the overall portfolios invested in the four risky assets. For the equity only optimal portfolio, on average 93% of the overall portfolio is invested in the two equity assets, the rest being invested in the riskless asset. The standard deviation of the fraction in risky asset is 18%, which represents a rough measure of average monthly turnover. By comparison, the global optimal portfolio has 47% of assets in risky funds and a standard deviation of 44%. The minimum variance hedge of the equity only portfolio has a substantially smaller impact on the fraction in risky assets. While the minimum variance hedge decreases both the returns and volatility of the equity only portfolio, leaving the portfolio realized Sharpe-ratio basically unchanged, the global optimal hedge induces both higher returns and lower volatility in the global optimum portfolio than in the equity only optimum portfolio. The realized monthly Sharpe-ratio is 0.146 for the equity only portfolio and 30% higher at 0.188 for the global optimum portfolio. To put these numbers in perspective, a portfolio of the risk free asset and the optimum equity only portfolio with a volatility equal to the realized volatility of the global optimum portfolio would have earned a 0.727% mean premium per month compared to a realized mean premium of 0.933% for the global optimum. Hence, for the global optimum, out of an annual average excess return of 11.20%, 2.47%, or a bit more than a fifth, can be directly traced back to the optimal consideration of intertemporal risk in the portfolio optimization process. The performance of the different strategies is also illustrated in Figure 4 , which plots the cumulative total returns of the three strategies from October 1948 to December 2000.
The correlations across the different portfolios are reported in the third panel of Table 7 . First, we see that the reason why combining the optimal hedge with the equity only portfolio yields a superior risk reward trade-off for the global optimum portfolio is the very large negative correlation of -0.604 between the two portfolios. Second, not surprisingly, the minimum variance hedge for the equity only portfolio yields a position with even lower realized correlation of -0.761 with that portfolio. These realized correlations also confirm that our approach indeed identifies hedge portfolios. Lastly, the fourth panel reports the average expected mean excess return and the average expected volatility for all the strategies and hedge portfolios. For all three strategies expectations and realizations of mean returns and volatility are not far apart. For both hedge portfolios, however, expectations and realizations depart more substantially.
In summary, we find that the global hedge portfolio exhibits a significant negative correlation of -0.604 with the equity only portfolio. Although earning only a small positive 1.1% annual excess return and having a volatility of similar magnitude as the equity only portfolio, the global hedge significantly improves the risk-reward trade-off of the global optimal portfolio: it accounts for 22% of the global optimal portfolio risk premium, or approximately an additional 2.5% annual premium.
VI The Importance of Intertemporal Risk
In this section, we explore the dynamics of the market and intertemporal risk premiums and their links with business cycles by investigating the properties of two specific portfolios. These portfolios are constructed to yield the maximum Sharperatios among all portfolios with zero exposure to either intertemporal risk or market risk. Specifically, we construct efficient frontiers of portfolios that are orthogonal to the intertemporal risk or the market risk.
A Portfolios orthogonal to intertemporal risk
To hedge completely against the intertemporal risk, an investor is constrained to invest in portfolios orthogonal to the long term Treasury bond portfolio,
where ω b = [ 0 0 1 0 ] 0 is the vector of portfolio weights for the Treasury bond portfolio, and ω Z represents the weights for all the portfolios orthogonal to the Treasury portfolio. Roll (1980) shows that for a portfolio that is off the mean-variance efficient frontier, the set of portfolios orthogonal to it is given by an area bounded by a quadratic function. Figure 5 illustrates the set of orthogonal portfolios. Point b represents the intertemporal risk portfolio proxied by the long term Treasury bond portfolio. If we draw a line from the intertemporal risk portfolio through the minimum variance portfolio, we find the expected return of the minimum variance portfolio orthogonal to the intertemporal risk. The shaded area represents the set of portfolios orthogonal to the intertemporal risk. We minimize the variance of portfolios subject to the above constraint (13) to find the risky asset weights for the orthogonal mean-variance frontier,
where µ z is the mean excess return of the orthogonal portfolio, and H is a 3 by 3 matrix of the following form
and A is the constant matrix
The efficient portfolio frontier for the orthogonal portfolios is then a straight line from the origin to the tangency on the shaded region. It is apparent that the constrained efficient frontier is dominated by the fully efficient frontier.
There are two ways with which we can examine the relative importance of the intertemporal risk. First, we can study the time series absolute and relative differences in the Sharpe-ratios. The Sharpe-ratios which for any constrained or unconstrained efficient frontier portfolio ω can be computed as
The Sharpe-ratio for the overall efficient frontier is just the Sharpe-ratio for the overall tangency portfolio. For the orthogonal frontier, the expected excess return of the tangency portfolio is
where M 2 and M 3 are the second and third columns of M defined above in Equation (14) . By substituting µ z into Equation (14), we obtain the weights for the tangency portfolio and Sharpe-ratios can be computed. We can test if the Sharpe-ratios for the fully efficient frontier and the orthogonal frontier are statistically different.
The second way to study the relative importance of the intertemporal risk is to analyze the difference in excess returns for a fixed level of portfolio risk, and derive implications for the cost of hedging or the benefits of taking into account the intertemporal risk. We can quantify the cost or benefit in terms of premiums.
As a comparison, we also conduct the above exercises with respect to the market risk. The mathematics for the portfolio frontier orthogonal to the market risk is similar to that to the intertemporal risk. We simply use
0 , in deriving the weights for the optimal orthogonal portfolios.
B Empirical evidence
Using the estimated conditional means and covariances of the four assets, we apply the constrained mean variance analysis derived above and compute the conditional Sharpe-ratios of various portfolios. Figure 6 plots optimal Sharpe-ratios over the entire sample for three types of strategies. The unhedged portfolio represents the tangency portfolio for the overall mean-variance frontier. Panel A graphs the Sharpe-ratios for the unhedged portfolio with those from portfolios hedged against the intertemporal risk, i.e., the tangency portfolios from the frontier orthogonal to the intertemporal risk. The result is striking. We find that the unhedged Sharpe-ratios coincide with the intertemporal risk hedged Sharpe-ratios during most periods in the sample, except from 1956-1961, 1969-1970, 1978-1982 and 1988-1990 . These periods occur before or during recessionary periods. In contrast, Panel B of Figure 6 graphs the Sharpe-ratios for the unhedged portfolio with those from portfolios hedged against the market risk, i.e., the tangency portfolios from the frontier orthogonal to the market risk. The difference in Sharperatios for these two strategies are large and volatile throughout the entire sample. There is nothing special in term of the difference in Sharpe-ratio during the above mentioned periods. In fact, the difference in Sharpe-ratio is large and relatively stable outside those periods. For example, during the 1990's the loss in Sharpe-ratio by hedging against the market risk is consistently high and ranges between 0.05 and 0.31. These two graphs indicate that the cost of hedging against intertemporal risk is generally low, except during adverse market conditions. This may reflect the fact that the benefit of hedging against intertemporal risk is also low during normal market conditions. The cost of hedging against market risk, on the other hand, is shown to be very significant during the entire sample. The cost seems to be smaller and more volatile during the 1978-1982 period, suggesting some benefit of hedging against market risk during severe market conditions. One may argue that the conditional Sharpe-ratios do not reflect the realized performance of the strategies. To answer this question, we also compute "realized Sharperatios" using realized excess returns under the three strategies. Figure 7 plots the difference in the expected (conditional) and realized Sharpe-ratios between an unconstrained efficient portfolio and the constrained efficient portfolios orthogonal to either intertemporal or market risk. The realized differences in Sharpe-ratio are certainly much more volatile, but overall they seem to vary around the expected differences.
Certainly, Sharpe-ratios may not be a good measure of cost of hedging against a particular risk. Another measure is the difference in risk premium for a common benchmark risk level. We next compute expected risk premiums on unconstrained efficient portfolios (OPT) and on efficient portfolios either orthogonal to market (OPTHMR) or intertemporal risk (OPTHIR). The portfolios are constructed to have volatilities equal to the average market portfolio volatility during NBER recessions and to the average market volatility during NBER expansions. Table 8 reports summary statistics of these risk premiums. The last two columns report the additional premium earned for bearing Market Risk or Intertemporal Risk when comparing the unconstrained optimal portfolio and the efficient portfolios orthogonal to market or intertemporal risk (MrkRP = OPT -OPTHMR; IntRP = OPT -OPTHMR).
The average estimated risk premium for bearing intertemporal risk is 0.331% per month which translates into a 4.0% annual risk premium. During NBER market expansion, the monthly intertemporal risk premium is 0.300% (3.6% annually) while during recession, the premium is 0.186% per month higher at 0.486% (5.8% annually). The mean difference between risk premiums for the unconstrained optimal portfolio and the efficient portfolios hedged against the intertemporal risk is 0.118% per month (1.4% annually). This implies that the incremental reward of bearing optimal amounts of intertemporal risk in addition to market risk is 1.4% annually. During expansion, this risk premium is 0.091% per month (1.1% annually) while during recession this premium increases by 0.160% to 0.251% per month (3.0% annually). Therefore, intertemporal risk is overall significant for asset allocation decisions, especially during down markets and business recessions.
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In comparison to intertemporal risk, the average estimated risk premium for bearing market risk is 0.756% per month or 9.1% on an annual basis. During NBER market expansion, the monthly market risk premium is 0.683% (8.2% annually) while during recession, the premium is 0.434% per month higher at 1.117% (13.4% annually). The mean difference between risk premiums for the unconstrained optimal portfolio and the efficient portfolios hedged against the market risk is 0.543% per month (6.5% annually). This implies that the incremental reward of bearing optimal amounts of market risk in addition to intertemporal risk is 6.5% annually. During expansions, this risk premium averages 0.474% per month (5.7% annually) while during recessions it increases by 0.408% to 0.882% per month (10.1% annually). Not surprisingly, market risk is a more significant risk than intertemporal risk for asset allocation decisions. Figure 8 plots the difference between the expected premium earned on an unconstrained efficient portfolio and on efficient portfolios fully hedged against either intertemporal or market risk. Panel A and Panel B present the results on the same scale for hedging against intertemporal risk and market risk, respectively. We see that in terms of risk premiums, the cost of hedging the market risk is very high, averaging 0.543% per month, as compared to an average of 0.118% per month for hedging against intertemporal risk. Yet intertemporal risk can be important. For example, during the 1978-1982 period, intertemporal risk premium reached a high of 2.8% per month (33.6% per year).
VII Conclusions
In this paper we analyze the statistical and economic relevance of intertemporal risk in explaining the dynamics of the premium for holding stocks and bonds. We jointly estimate and test a conditional asset pricing model which includes long term interest rate risk as a potentially priced factor for four broad classes of assets -large stocks, small stocks, long term Treasury bonds and corporate bonds. For the conditional CAPM, we find that market risk-measured by the conditional variance of the return on the market portfolio-is priced and that the reward-to-risk ratio for holding the market (i.e. the price of market risk) is time-varying. We also find that the premium for long bond risk is the main component of the risk premiums of Treasury bond and corporate bond portfolios, while it represents a small fraction of total risk premiums for equities. Our results suggest that investors perceive stocks as hedges against variations in the investment opportunity set.
Since the four asset classes under study represent some of the most important for investors, we proceed to use our estimated premiums and covariances to compute the dynamic optimal asset allocations for investors with different risk preferences and trading strategies. We use two alternative approaches to decompose portfolio holdings in their hedging and speculative components. First, we construct period by period the equity only optimal portfolio, the minimum variance intertemporal risk hedge for the equity only portfolio and the global optimal portfolio. To proxy for the optimal intertemporal hedge portfolio, we use the difference between the equity only and global optimal portfolios. Although earning only a small premium of 1.1% per year and having a volatility of similar magnitude as the equity only portfolio, the global hedge significantly improves the risk reward trade-off of the global optimal portfolio due to its significant negative correlation of -0.604 with the equity only portfolio. The intertemporal hedge accounts for 22% of the global optimal portfolio risk premium, or approximately 2.5% out of the 11.1% annual premium.
Second, we construct period by period both the optimal portfolio orthogonal to market risk and the optimal portfolio orthogonal to intertemporal risk. The performance of the portfolio orthogonal to market risk provides direct insights into the rewards for market neutral strategies bearing only intertemporal risk. We find that at average market volatility levels, bearing intertemporal risk only yields an annual premium of 3.6% during expansion, increasing to 5.8% during recessions. On the other hand, the incremental reward of bearing optimal amounts of intertemporal risk in addition to market risk vary between 1.1% per annum during expansions and 3% during recessions.
In sum, our evidence suggests that considering intertemporal risk is important both for asset pricing and for asset allocation decisions, especially to model changes in the risk return trade-off between business recessions and expansions. Not only does intertemporal risk bear economically meaningful time-varying premiums, but explicitly incorporating intertemporal risk considerations in portfolio decisions brings large benefits, specially during down markets. The market (R Mt ) and the small stock portfolio (R St ) returns are measured as the returns on the CRSP value weighted NYSE-AMEX-NASDAQ index and smallest size quintile portfolio. The risk free-rate (R ft ) is the return on the T-bill with maturity closest to one month, as reported in the CRSP risk-free files. The T-Bond (R T Bt ) portfolio returns are measured as the value-weighted returns on all T-Bonds and Notes with more than 5 year remaining to maturity traded at the beginning of the month and which remain outstanding at the end of the month. All T-Bond and T-Note data comes from the CRSP Monthly Govenment Bond database. The corporate bond returns come from Ibboston and Associates. The information set includes the excess dividend price ratio (XDPR) on the CRSP value weighted index, the first difference (∆R 3 ) in the 3-month T-Bill rate from CRSP, and the default premium (DefP), as measured by the lagged end of month yield difference between the AAA benchmark bond and the the most recently issued 5 year T-Note. All returns are continuously compounded and in percent per month. The sample covers the period November 1948 through December 2000 (626 observations). Estimates are based on monthly, continuously compounded returns from November 1948 through December 2000 (626 observations). The risk premium on the market portfolio is measured by α t−1 var t−1 (R Mt ) . The shadow price of market risk is assumed to vary with a set of instruments z t−1 , which are known to the investor at the beginning of time t. The instruments include the lagged values of the market portfolio's dividend price ratio in excess of the risk free rate (XDPR), the change in the 3-month T-Bill rate (∆R 3 ), and the default premium (DefP). The estimated model is
where η it is conditionally normal and follows an asymmetric GARCH(1,1) process. We present results for two versions of the model which differ in the specification of the price of market risk α t−1 : the first one uses a linear specification: α t−1 = γ 0 z t−1 , the second one uses an exponential specification: α t−1 = exp (γ 0 z t−1 ) . Estimates are based on monthly, continuously compounded returns from November 1948 through December 2000 (626 observations). The total risk premium on each portfolio is decomposed into market premium, measured by α t−1 cov t−1 (R it , R Mt ), and intertemporal premium, measured by λ t−1 cov t−1 (R it , R T Bt ). The shadow prices of both sources of risk are assumed to vary with a set of instruments z t−1 , which are known to the investor at the beginning of time t. The instruments include the lagged values of the market portfolio's dividend price ratio in excess of the risk free rate (XDPR), the change in the 3-month T-Bill rate (∆R 3 ), and the default premium (DefP). The estimated model is
where α t−1 = exp (γ
The conditional covariance matrix Σ t follows an asymmetric GARCH process
where C is a (n × n) upper triangular matrix, A, B and C are (n × n) matrices, and η t−1 is the vector of negative shocks, η i,t−1 = ε i,t−1 if ε i,t−1 < 0, 0 otherwise. QML standard errors are reported in parentheses. 
Tests of whether the estimated premiums are jointly significant for the equity assets, the fixed income assets and all assets simultaneously are reported in the last 3 columns. All standard errors are computed using a Bartlett-kernel estimator with bandwidth selected according to Andrews (Econometrica, 1991) and Newey and West (1987) serial correlation correction.
Panel A: Intertemporal Risk Premium Panel B: Market Risk Premium The table reports summary statistics of the prices of intertemporal and market risk as well as of the estimated risk premia and tests of whether the estimated prices and premiums differ between the first and second half of the sample period. The tests are performed by regressing the estimated prices and premiums on a constant and a dummy variable taking a value of 1 after Dec 1974. We compute the tests for the following three risk premiumŝ ω it = b λ t−1 c cov t−1 (R it R T Bt ) : intertemporal premium φ it =α t−1 c cov t−1 (R it R Mt ) : market premium η it =α t−1 c cov t−1 (R it R Mt ) + b λ t−1 c cov t−1 (R it R T Bt ) :total premium
Tests of whether the estimated premiums are jointly significant for the equity assets, the fixed income assets and all assets simultaneously are reported in the last 3 columns. All standard errors are computed using a Bartlett-kernel estimator with bandwidth selected according to Andrews (Econometrica, 1991) and Newey and West (1987) This table reports the performance and characteristiscs of dynamic portfolio strategies. We consider three portfolio strategies: the overall optimal portfolio of all assets (OPT), the optimal portfolio restricted to equity only (EO) and the optimal equity only portfolio hedged for intertemporal risk (EO+IH). Overall hedge reports the difference in portfolio characteristics between the overall optimum and the equity only portfolio and can be thought of as a proxy for an overall optimum intertemporal hedge portfolio. MV hedge reports the mimimum variance intertemporal hedge for the equity only portfolio. Expected returns and covariances are the fitted values from our general model. The table reports summary statistics of expected risk premiums on unconstrained efficient portfolios (OPT) and on efficient portfolios either orthogonal to market (OPTHMR) or intertemporal risk (OPTHIR). The last two columns report the incremental premiums earned for bearing Market Risk or Intertemporal Risk when comparing the unconstrained optimal portfolio and the efficient portfolios orthogonal to market or intertemporal risk (MrkRP = OPT -OPTHMR; IntRP = OPT -OPTHIR) The portfolios are constructed to have volatilities equal to the recession average market portfolio volatility during NBER recessions and to the expansion average market volatility during NBER expansions. We test whether the estimated premiums differ between NBER recession and expansions and whether the change in premium is due to change in Sharpe-ratios or in market volatility. Risk premiums are reported in percent per month. All standard errors are computed using a Bartlett-kernel estimator with bandwidth selected according to Andrews (Econometrica, 1991) and Newey and West (1987) to the long term Treasury portfolio. The Sharpe-ratios of the the fully efficient frontier and the constrained efficient frontier are indicated by the two lines from the origin to the tangencies on the frontiers.
